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Purpose The purpose of this study was to compare complication rates following inpatient versus outpatient distal radius fracture ORIF and identify specific complications that occur at increased rates among inpatients. Methods Using the 2005-2013 ACS-NSQIP, we collected patient demographics, comorbidities, surgical characteristics, and 30-day postoperative complications following isolated ORIF of distal radius fractures. A propensity score matched design using an 8-to-1 "greedy" matching algorithm in a 1:4 ratio of inpatients to outpatients was utilized. Rates of minor, major, and total complications were compared. A multinomial logistic regression model was then used to assess the odds of complications following inpatient surgery. Results Total 4,016 patients were identified, 776 (19.3%) of whom underwent inpatient surgery and 3,240 (80.3%) underwent outpatient surgery. The propensity score matching algorithm yielded a cohort of 629 inpatients who were matched with 2,516 outpatients (1:4 ratio). After propensity score matching, inpatient treatment was associated with increased rates of major and total complications but not with minor complications. There was an increased odds of major complications and total complications following inpatient surgery compared with outpatient surgery. There was no difference in odds of minor complications between groups. Conclusion Inpatient operative treatment of distal radius fractures is associated with significantly increased rates of major and total complications compared with operative treatment as an outpatient. Odds of a major complication are six times higher and odds of total complications are two and a half times higher following inpatient distal radius ORIF compared with outpatient. Quality improvement measures should be specifically targeted to patients undergoing distal radius fracture ORIF in the inpatient setting.
National health care costs, which comprised 17.2% of the U.S. gross domestic product (GDP) in 2012, continue to rise at an alarming rate, 1 causing some payers to advocate for a bundled-payment system. 2 Medicare has already begun bundling payments for selected orthopaedic diagnosis-related groups (DRGs) including major joint arthroplasty with the intention of expanding this system to include all orthopaedic subspecialties. [3] [4] [5] Under a bundled payment system, health care facilities receive a single index lump-sum payment for a particular DRG, which would be expected to cover all costs of care during a 90-day period beginning with the date of surgery. Importantly, facilities and surgeons would not receive additional reimbursement for treatment of patient complications and/or readmissions during this time period. As a result, rates of perioperative adverse events for facilities and individual surgeons will be monitored closely, 6,7 and successfully delivering high-quality care while maintaining low complication rates will be paramount. An effective strategy for improving quality of care and minimizing complications is to identify patients at high risk for developing adverse events following common orthopaedic procedures. Targeted interventions can then be developed aimed at decreasing complication rates in these high-risk patient populations.
Fractures of the distal radius are the most common injuries treated by orthopaedic surgeons, representing 17.5% of all fractures.
8 These injuries follow a bimodal distribution, occurring frequently in younger patients following high-energy mechanisms of injury and in older patients following lower-energy trauma. 9 While many distal radius fractures can be successfully treated nonoperatively, certain displaced and unstable fracture patterns often require surgical intervention. Risk factors for complications following open reduction and internal fixation (ORIF) of distal radius fractures were reported in a recent publication by Schick et al using the 2011 American College of Surgeons' National Surgical Quality Improvement Program (NSQIP) database. 10 Overall complication rates were generally low, but the authors reported a significantly higher rate of complications among patients who underwent distal radius ORIF in the inpatient setting compared with the outpatient setting. However, as the authors acknowledged, there were significant differences in patient demographics and medical comorbidities between inpatient and outpatient groups, and these differences were not evaluated with further statistical analysis. Additionally, the specific complications experienced by inpatient and outpatient groups were not reported. Using the updated 2013 NSQIP database, the purpose of our study was to use a rigorous statistical model to compare complication rates following inpatient versus outpatient ORIF of a distal radius fracture. We also sought to identify specific complications that occur at increased rates among inpatients. The main hypothesis of this study was that the rate of complication after ORIF for distal radius fractures is higher among inpatients compared with outpatients.
Materials and Methods

Data Extraction
This investigation was initiated following institutional review board approval. This study conformed to the ethical guidelines of the 1975 Declaration of Helsinki. Access to the NSQIP dataset collected between 2005 and 2013 was granted by the American College of Surgeons. The dataset includes 462 hospitals across the United States and 34 hospitals in other countries including Saudi Arabia, Canada, Lebanon, the United Kingdom, and the United Arab Emirates. The 135 patient variables reported within the database include preoperative risk factors, intraoperative variables, and 30-day postoperative mortality and morbidity outcomes for patients undergoing major surgical procedures in both inpatient and outpatient settings. At each participating institution, two risk-assessment nurses trained as Surgical Clinical Reviewers (SCR) were appointed to collect data directly from patients' medical records. Inter-rater reliability disagreement of < 5% per site was considered acceptable. Audit reports of NSQIP data collection have identified disagreement rates of < 1.8%.
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Patient Selection
All patients who underwent ORIF of a distal radius fracture during the study period were identified from the NSQIP dataset using Current Procedural Terminology (CPT) codes. Patients who had one of the following three procedures were eligible for inclusion in the study:
• Open treatment of distal radial extra-articular fracture or epiphyseal separation (25607) • Open treatment of distal radial intra-articular fracture or epiphyseal separation, with internal fixation of two fragments (25608) • Open treatment of distal radial intra-articular fracture or epiphyseal separation, with internal fixation of three or more fragments (25609)
Patient demographics (including age, sex, and race) and preoperative comorbidities (including body mass index [BMI]), recent weight loss (> 10% in the last 6 months), insulin-dependent diabetes mellitus, smoking status, alcohol use, functional status, dyspnea, history of chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF), hypertension requiring medication, history of esophageal varices, disseminated cancer, steroid use, bleeding disorders, hemodialysis, chemotherapy within 30 days of surgery, and radiotherapy within 90 days of surgery) were recorded. Operative characteristics including systemic inflammatory response syndrome (SIRS), sepsis, or septic shock at time of surgery, operative time, wound class, and American Society of Anesthesiologists (ASA) score were also recorded. Patients with incomplete data (including demographics, preoperative comorbidities, and/or operative characteristics) were excluded from the analysis.
Patients were categorized into inpatient and outpatient groups based on their admission status as entered in the NSQIP database. This designation is determined by each hospital's definition of inpatient and outpatient status, but generally outpatient status is utilized to describe patients who are brought to the hospital or facility for surgery from their present home or living situation on the day the procedure is performed and are discharged within 24 hours.
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Outcome Measures
Perioperative complications within 30 days were categorized as either minor or major based on previously published literature using the NSQIP database.
12-17 Minor complications included wound dehiscence, superficial wound infection, pneumonia, and urinary tract infection. Major complications included deep wound infection, organ space infection, myocardial infarction, pulmonary embolism, deep venous thrombosis, cerebrovascular accident, postoperative neurologic deficit, sepsis, septic shock, coma, and death. A third outcome measure-total complications-was determined by identifying all patients who developed at least one minor and/or major complication.
Data Analysis
Baseline demographic characteristics were compared using chi-square tests for categorical variables and WilcoxonMann-Whitney tests for continuous variables. Rates of minor, major, and total complications were calculated for the inpatient and outpatient groups. Complication rates between groups were compared using chi-square tests.
To control for differences between inpatient and outpatient groups, we utilized a propensity score matched study design. The propensity score model estimated for each patient the probability of undergoing outpatient surgery based on patient demographics (age, ASA physical status, BMI, sex, and smoking status), preoperative comorbidities (weight loss > 10% in the last 6 months, diabetes, dyspnea, use of steroids, bleeding disorders, dialysis, functional status, history of COPD, history of CHF, and disseminated cancer), and surgical procedure. Propensity scores were used to match inpatients and outpatients in a 1-to-4 ratio using an 8-to-1 "greedy" matching algorithm. This "greedy" matching algorithm obtains the best fit between patients in each cohort by first attempting to match patients' propensity scores to 8 decimal places. If not possible, propensity scores are matched to 7 decimal places and so on, down to 1 decimal place. Continuous variables were modeled using restricted cubic splines with 4 knots, and categorical variables were modeled using indicator/dummy variables.
After propensity score matching, rates of minor, major, and total complications were again compared for the matched inpatient and outpatient groups using chi-square tests. A multinomial logistic regression model was then utilized to calculate the odds of minor and major postoperative complications within 30 days following inpatient surgery, using outpatient surgery as a control and adjusting for length of surgery using restricted cubic splines. A separate logistic regression model was then used to determine the odds of total complications (at least one minor and/or major complication) following inpatient versus outpatient ORIF, again adjusting for length of surgery. Statistical analysis was performed using Stata Statistical Software: Release 13 (StataCorp LP 2013, College Station, TX). Significance was set at p < 0.05.
Results
A total of 4,361 patients who underwent ORIF of a distal radius fracture were identified from the 2013 NSQIP database. As displayed in ►Fig. 1, 345 (7.9%) patients were excluded due to incomplete demographic or comorbidity data. Of the remaining 4,016 patients, 776 (19.3%) underwent inpatient surgery and 3,240 (80.3%) underwent surgery as outpatients. Prior to propensity score matching, there were significant differences between groups in patient demographics, medical comorbidities, and operative characteristics (►Table 1). Rates of minor, major, and total complications between groups before matching are shown in ►Table 2. Prior to matching, patients undergoing inpatient surgery had significantly increased rates of minor (1.3 vs. 0.5%, p ¼ 0.009), major (1.9 vs. 0.2%, p < 0.001), and total complications (2.8 vs. 0.7%, p < 0.001).
After the propensity score matching algorithm was performed, 629 patients undergoing inpatient surgery were matched with 2,516 patients undergoing outpatient surgery (1:4 ratio), and these 3,145 patients represented the final study cohort that was included in the multinomial analysis. Distributions of propensity scores before and after matching are displayed in ►Figs. 2 and 3, respectively. After matching, there were no significant differences between groups in patient demographics, preoperative comorbidities, or operative characteristics with the exception of length of surgery (►Table 1, after matching). As shown in ►Table 2, after propensity score matching, inpatient treatment was associated with increased rates of major (1.3 vs. 0.2%, p < 0.001) and total complications (1.6 vs. 0.6%, p ¼ 0.018) but not with minor complications (0.6 vs. 0.5%, p ¼ 0.616). Individual complications that occurred at significantly higher rates among inpatients included pneumonia (0.3 vs. 0%, p ¼ 0.043), deep wound infection (0.2 vs. 0%, 
Discussion
We utilized the 2013 ACS-NSQIP database to compare complication rates following inpatient versus outpatient ORIF of a distal radius fracture. Using a rigorous statistical model, we demonstrate that inpatient distal radius fracture ORIF is associated with significantly increased odds of major complications and total complications compared with outpatient surgery. Furthermore, our results validate and expand upon the findings of a recent study of distal radius fracture ORIF using the 2011 NSQIP database. In their recent publication, Schick et al identified risk factors for complications following operative fixation of distal radius fractures.
10 A higher total complication rate following inpatient distal radius fracture ORIF compared with outpatient surgery (10 vs. 1.3%) was reported as a secondary outcome. Interestingly, the authors performed a post hoc univariate analysis between the inpatient and outpatient groups and found significant differences in mean age, incidence of COPD and bleeding disorders, ASA physical status classification, and length of surgery. In their discussion, the authors posited that the increased complication rate seen among inpatients was attributable to the higher incidence of medical comorbidities in this group. However, this hypothesis was not investigated further and the conclusion was therefore not supported statistically. Our study was specifically designed to investigate complication rates between inpatient and outpatient distal radius Table 2 Rates of minor, major, and total complications among surgically treated distal radius fracture patients by inpatient/ outpatient status, before and after propensity score matching
Before matching
After matching
Minor complications, n (%) fracture ORIF, using a propensity score matched design to control for demographics, comorbidities, and operative characteristics. As seen in ►Table 1, this propensity score matching algorithm was effective in generating inpatient and outpatient cohorts with no significant differences in patient demographics, preoperative comorbidities, or operative characteristics except for length of surgery. The success of this algorithm is demonstrated graphically in ►Figs. 2 and 3, which depict the distribution of propensity scores both before and after matching. Our multinomial logistic regression analysis was then performed on these matched cohorts after controlling for length of surgery. As such, our conclusions-that inpatient distal radius fracture ORIF is associated with increased odds of major and total complications compared with outpatient surgery-are supported by a statistically rigorous study design and methodology.
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In addition to validating the findings of Schick et al with a statistically rigorous model, our study also sheds light on the particular complications that affect inpatients preferentially. Although there were no significant differences in odds of aggregate minor complications between groups, patients who underwent inpatient ORIF of a distal radius fracture were more likely to develop pneumonia than those who had outpatient surgery (0.3 vs. 0.0%, p ¼ 0.043). Inpatients also had significantly higher rates of several major complications, including deep wound infection, pulmonary embolism, septic shock, and mortality within 30 days (►Table 2). The increased deep wound infection rate among inpatients likely reflects the impact of soft tissue swelling on wound healing potential. Inpatient ORIF in the early postinjury period may place patients at risk for wound complications when surgery is performed through an unfavorable soft tissue envelope. Surgeons must carefully assess the readiness of the soft tissues prior to proceeding with definitive fracture fixation. Increased rates of pulmonary embolism, septic shock, and 30-day mortality among inpatients may indicate the influence of other associated injuries on these specific outcomes. Distal radius fracture fixation should not proceed in the inpatient setting until patients are physiologically stable.
Our study does have some limitations, and foremost is that this study was conducted retrospectively. However, the NSQIP database is comprehensive in its scope and contains prospectively collected data, which largely mitigates this limitation. Large multicenter studies using high-quality, prospectively collected databases such as NSQIP allow surgeons to answer relevant clinical questions while avoiding the significant expense and logistical challenges associated with prospective trials.
12-17 Furthermore, we utilized the most updated NSQIP data available, which uses a standardized protocol for reporting complications and has been shown to have inter-rater disagreement rates of < 1.8%. 11 Another limitation of our study is that the NSQIP database does not record complications that occur > 30 days after surgery. However, the fact that we identified significant differences in complication rates between groups within the first 30 days underscores the significance of these findings.
Other limitations include the fact that the NSQIP database does not include functional outcomes or other outcomes specific to ORIF of the distal radius, such as grip strength, wrist range of motion, or fracture union. The addition of functional outcomes scores to large, multicenter databases, particularly for orthopaedic diagnoses or procedures, would greatly improve the utility of these databases to answer clinically relevant questions with greater statistical power. In addition, although our propensity score matched cohorts had no statistically significant differences inpatient demographics or preoperative comorbidities, patients who underwent inpatient surgery may have had more complex distal radius fractures or other associated injuries that necessitated inpatient hospitalization. In these situations, even though inpatient surgery is associated with increased complication rates, it may be completely appropriate to perform distal radius ORIF in the inpatient setting to facilitate patient care and expedite recovery.
In conclusion, using the 2013 NSQIP database, we demonstrate that inpatient operative treatment of distal radius fractures is associated with significantly increased odds of major complications (OR 6.48) and total complications (OR 2.45) compared with operative treatment as an outpatient. To decrease complications such as pneumonia, deep wound infection, and pulmonary embolism following ORIF of distal radius fractures, interventions should be specifically targeted to patients undergoing surgery in the inpatient setting. The main hypothesis of this study was verified; higher rates of major complications and total complications exist among the inpatient population as compared with the outpatient population.
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